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For this research, torsion tests and three-point bending tests were executed on 
glass/ionomer laminates under controlled temperature (5°C to 65°C) and relative 
humidity (50%) conditions. This article presents some preliminary test results. The 
torsion tests showed for instance that the torsion stiffness changes most around the 
glass transition temperature. At higher temperatures, a less changing, lower 
torsional stiffness is noticed much faster. However, the bending tests at 65°C 
showed that the bending stiffness still decreased after a loading duration of more 
than five days. 
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1. Structural glass 
Recent scientific research added a new dimension to the tendency for visually light 
structures. Owing to thorough material knowledge and innovative safety concepts, it 
became possible to transfer important building loads through glass beams, columns and 
plates. 
One of the most applied techniques to improve safety in structural glass is the use of 
laminated glass. The advantages of laminated glass compared to monolithic glass are 
numerous in structural applications: 
 
• Multiple layers of glass can increase the thickness of the element. 
• The soft interlayer can absorb impact-energy and thereby prevent instant 
breakage of all the glass layers. 
• The glass fragments stick to the interlayer after glass breakage instead of 
falling down. 
• Depending on the laminating-equipment, large and complex elements can be 
composed. 
 
Because the stiffness of the glass/interlayer composite mainly depends on the stiffness 
of the interlayer, stiff interlayers are preferred for structural glass. For this reason, 
during the last two decades, some companies have put considerable effort into the 
development of new interlayer materials with increased structural properties. One of 
those products is SentryGlas® Plus (SGP), which is, according to the manufacturer 
DuPont de Nemours [1], about 100 times stiffer and five times stronger compared to 
more classic polyvinyl butyral interlayers. The latter have originally been designed for 
car windshields, which may not behave too stiff in case of a human head impact. 
Because the exact mechanical behaviour of the interlayer material SGP has not yet 
been determined independently, the Laboratory for Research on Structural Models is 
executing an experimental test programme. 
2. Experimental research 
2.1. SentryGlas® Plus 
According to Bucak & Meiβner [2], SGP is a semi-crystalline thermoplast. This 
implements that its shear modulus and Poisson’s ratio depend on temperature and  load 
duration: the material will creep under a constant load, and this creep will be 
accelerated at higher temperatures. Figure 1 shows the variation of the shear modulus 
GSGP of SGP in function of the load duration and the temperature [3]. 
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Figure 1: Influence of time and temperature on the shear modulus of SGP (GSGP). 
 
To investigate this behaviour, series of long-term tests, at controlled temperature 
conditions are required. For this purpose, a climatic chamber has been built in which 
the temperature can be regulated between 5°C and 65°C and the relative humidity 
between 30% and 70%. An alternative heating method with adjustable infrared-heaters  
[4] & [5] will be further examined in a later part of the research. 
Already in 1955, William et al. [6] described how the influence of the temperature on 
this kind of complex material can be taken into account. With a so-called William-
Landel-Ferry equation, an equivalent load duration can be calculated for different 
temperatures. With this kind of time-shift functions, it is possible to predict the long-
term behaviour of the material at room temperature by conducting test series at 
elevated temperature. 
2.2. Test programme 
To include the influence of the lamination process on the characteristic properties of 
the interlayer material, the Laboratory for Research on Structural Models is performing 
tests on laminated specimens. Because structural glass elements are subjected to 
divergent load cases, the research started with the selection of complementary test 
series. 
Three-point bending tests are one of the simplest tests to define the bending stiffness of 
a material. With the help of theoretical approaches, such as the theory of Wölfel [7], it 
is possible to determine the shear modulus of a soft interlayer in a laminated composite. 
The torsion stiffness of a sandwich material can be calculated e.g. with the theory 
developed by Scarpino et al. [8]. However, because it is uncertain if the material will 
show an identical behaviour under this totally different loading situation, it seems 
highly interesting to combine these two tests. In addition, a calculation of the stiffness 
of a laminated glass plate indicate that the influence of the shear modulus G differ 
significantly for both tests. 
In Figure 2, the theoretical approach of Wölfel [7] is used for the calculation of the 
bending stiffness EI (Young’s modulus x moment of inertia) around the weak axis, 
while the theory of Scarpino et al. [8] is applied for the torsion stiffness GIt (shear 
modulus x torsion constant). The Plateau-value for GSGP, an ultimate lower limit 
proposed by DuPont [3] of  2 N/mm², is indicated with the vertical striped line. At long 
term (with a shear modulus approaching the plateau-value), the changes reduce in the 
torsion tests, while they just increase in the bending tests. 
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Figure 2: Theoretical influence of the shear modulus G on the bending and torsion stiffness, both for the 
nominal dimensions of the applied tests. The plateau-value for GSGP of 2 N/mm² is indicated on the graph. 
2.3. Test setup 
For the three-point bending tests, laminated glass test specimens with a length of 3000 
mm and a nominal thickness of 6 mm glass/1,52 mm SGP/6 mm glass were positioned 
on two supports, spanning 2950 mm. In the middle, a fixed line load was applied with 
weights and the deflection was measured with a linear variable differential transformer 
(LVDT) (see Figure 3). The width of the specimens was 150 mm, 200 mm and 300 mm, 
and the temperature was fixed at 20°C and 65°C. 
In the torsion tests (see Figure 4), 4 mm glass/1,52 mm SGP/4 mm glass laminates 
were used, and tests were executed at 5, 20, 35, 50 and 65°C with plates of 100 mm x 
1100 mm. According to a previously presented optimisation of the torsion test setup [9], 
these plates were clenched in round supports, positioned at a distance of 1080 mm from 
each other. 
A quasi-constant moment was applied with weights on a lever arm, while the torsion 
was measured with four LVDT’s on the glass surface. All tests were nondestructive.  
 
  
Figure 3: Three-point bending test setup. Figure 4: Torsion test setup. 
 
The following tables summarize the most important test details. 
 
Table 1: Details of the executed three-point bending tests. All test specimen were 3000 mm long. 
Temperature Width Effective thickness Load duration 
20°C 150 mm 13,38 17 h 
150 mm 13,33 5 h 
200 mm 13,24 21 h 
300 mm 13,45 28 h 
300 mm 13,48 70 h 
65°C 150 mm 13,38 28 h 
150 mm 13,33 139 h 
200 mm 13,24 14 h 
300 mm 13,45 27 h 
300 mm 13,48 117 h 
 
Table 2: Details of the executed torsion tests. All test specimens measured 1100 mm x 100 mm. 
Temperature 5°C 20°C 20°C 35°C 50°C 65°C 
Effective thickness 9,33 9,33 9,35 9,35 9,35 9,35 
Load duration 16 h 18 h 27 h 26 h 20 h 18 h 
2.4. Results 
Figure 5 depicts the processed results of five three-point bending tests executed at 20°C, 
while Figure 6 represents the processing for five bending tests with the same specimens 
at 65°C. 
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Figure 5: Experimental bending stiffness at 20°C. Figure 6: Experimental bending stiffness at 65°C. 
 
In these graphs, the 100% value is the calculated bending stiffness of a monolithic glass 
plate with a thickness similar to the measured total thickness of the laminated test 
specimens. The first important observation is that the bending stiffness at 20°C exceeds 
this 100% value. The most plausible explanation of this is that the applied Young’s 
modulus of  70 000 N/mm² for glass, as included in EN 572,  is too low for these test 
specimens. 
In Siebert [10], a possible Young’s modulus for glass of 45 000 to 78 000 N/mm² is 
noted, depending on the chemical composition. According to the same source, a value 
of 70 000 to 73 000 N/mm² is included in DIN 1249. With this last value, all results 
lower under 100%. 
At 65°C, a more pronounced decrease of the bending stiffness was noticed. 
Immediately after the positioning of the test specimen, the plate started to creep. Even 
after a loading period of more than five days, this creep was not yet finished. In a 
comparison of these results to the expected bending stiffness of a similar plate 
calculated with the theory of Wölfel [7] and a shear modulus of 2 N/mm² (see the 
horizontal line at about 87,4% in Figure 6), it appears that the proposed plateau-value 
for GSGP is slightly overestimated . 
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Figure 7: Experimental torsion stiffness at different temperatures. 
 
Figure 7 summarizes the results of six torsion tests, realised at five different 
temperatures between 5°C and 65°C. Here, the 100% value corresponds to the torsion 
stiffness of a monolithic glass plate with the same thickness of each test specimen. 
The tests prove that the influence of the decreasing shear modulus has a larger impact 
on the torsion stiffness GIT for this particular configuration. Already at 20°C, the 
torsion stiffness descends below the bending stiffness at 65°C. Between 20°C and 35°C, 
the decrease is most significant, while the difference between the tests at 50°C and 
65°C is almost negligible. At these high temperatures, the torsion stiffness of the 
laminated glass specimens is barely higher than the torsion stiffness of the two 
individual glass sheets together. 
3. Conclusions 
3.1. Main observations 
As predicted by the theories by Wölfel and Scarpino et al., the decrease of the shear 
modulus of SentryGlas® Plus to a value of about 2N/mm² had a larger impact on the 
torsion stiffness than on the bending stiffness for the applied test setups. 
Remarkable was the still increasing deflection in the three-point bending tests after a 
load duration of more than five days at 65°C, while it was expected to reach a limit 
earlier. Although these preliminary tests at 65°C indicate that the plateau-value is 
slightly lower than 2N/mm², the bending stiffness of these specimens is still much 
higher than similar plates laminated with a traditional PVB interlayer. 
The difference between the torsion stiffness of the laminated test specimens above 
50°C and the torsion stiffness of the same unlaminated glass sheets is almost negligible. 
This corresponds to earlier observations that the increased global stiffness, due to the 
use of SGP instead of PVB, is less pronounced for buckling than it is for bending 
problems [4] & [5]. 
3.2. Perspective 
Because the stiffness in terms of percentage of a laminated glass plate is largely 
influenced by its dimensions, new additional test series have been well selected so they 
will be able to provide a detailed understanding of the properties of the interlayer 
material. In combination with numerical finite element analyses, the range of possible 
applications will be expanded. 
Recently, the product SentryGlas® Plus has been modified in order to gain a better 
adhesion with the air side of float glass (the side of the glass which has not been in 
contact with the tin bath). Because the influence of this alteration on the mechanical 
properties is yet unknown, new test specimens with this enhanced version of SGP have 
been purchased. At this moment, new long term tests are being executed in humidity 
and temperature controlled conditions. 
The convertion of the obtained material properties to a practical engineering tool is the 
ultimate goal of this research. 
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